Little is known about the aetiology of childhood brain tumours. We investigated anthropometric factors (birth weight, length, maternal age), birth characteristics (e.g. vacuum extraction, preterm delivery, birth order) and exposures during pregnancy (e.g. maternal: smoking, working, dietary supplement intake) in relation to risk of brain tumour diagnosis among 7-19 year olds. The multinational case-control study in Denmark, Sweden, Norway and Switzerland (CEFALO) included interviews with 352 (participation rate=83.2%) eligible cases and 646 (71.1%) population-based controls. Interview data were complemented with data from birth registries and validated by assessing agreement (Cohen's Kappa). We used conditional logistic regression models matched on age, sex and geographical region (adjusted for maternal age and parental education) to explore associations between birth factors and childhood brain tumour risk.
INTRODUCTION
Primary central nervous system (CNS) neoplasms, of which >90% are located in the brain, are the second most common malignancy and the most common solid cancer in children in developed countries.
1 While brain tumours during childhood often occur before the age of five, suggesting that both prenatal and early postnatal exposures must be considered, it remains one of the most common childhood cancers across the whole child-adolescent age spectrum. 2 The annual incidence rate of CNS tumours in children aged 0-14 years is 30 per million in Europe, 3 35 per million in Switzerland 4 and 42 per million in the Nordic countries. 5 Despite decades of epidemiological research, the aetiology of primary brain tumours in children and adolescents largely remains unknown. 6 Apart from ionizing radiation and a few genetic syndromes such as neurofibromatosis and tuberous sclerosis, no risk factors have been identified. 7 Many potential risk factors, however, have been studied including head injuries, 8 maternal and paternal smoking, 9 , 10 maternal diet (especially cured meat), 11 maternal age and birth characteristics such as birth weight or birth order, 12, 13 atopy, 14 exposure to infectious agents, 15, 16 exposure to pesticides, 17 parental occupation, 18 maternal medication and vitamin intake during pregnancy 19, 20 and electromagnetic fields from mobile phones. 21 Most of these studies yielded inconclusive and conflicting results and often faced methodological limitations. The established risk factors collectively account for only 5% of all brain tumours in children 7 and a recent study estimated that the majority of cancer risk is due to random mutations due to cell division ˗ only one third of the variance in cancer risk for tissues was attributable to environmental or inheritance factors. 22 We investigated several anthropometric factors, birth characteristics and exposures during pregnancy in relation to brain tumour diagnosis among children and adolescents aged 7-19 using 5 data from CEFALO, a multinational case-control study conducted in Denmark, Sweden, Norway and Switzerland. We validated the interview data with data from the birth registries to evaluate recall bias and exposure misclassification.
MATERIALS AND METHODS

Study population Cases
Eligible cases were all children in Denmark, Sweden, Norway and Switzerland diagnosed between 2004 and 2008 with primary intracranial central nervous system tumours (CNS) aged 7
to 19 years at diagnosis. 21 Brain tumours were defined as per the International Classification of Diseases tenth revision (ICD-10) and International Classification of Diseases for Oncology third edition (ICD-O-3). All diagnoses were either histologically confirmed or based on unequivocal diagnostic imaging. We examined medical records for case patients to confirm diagnosis and establish the date of diagnosis (used as reference date in the exposure assessment). Date of diagnosis was defined as the date when the first diagnostic imaging was performed. Case patients were excluded if they were diagnosed with neurofibromatosis (Mb Recklinghausen; 12 patients) or tuberous sclerosis (1 patient). Since the initial hypothesis of CEFALO was on the use of mobile phones, participants who were completely deaf prior to the reference date and children with severe mental retardation were excluded (2 patients and 2 control subjects). Families with insufficient language skills to complete an interview in the respective country, as judged by a nurse, treating physician, or project administrator, were excluded (15 patients and 36 control subjects).
6
Controls
We randomly selected two control subjects per case patient using population registries in the participating countries, individually matched by age (Denmark, Sweden, and Switzerland: by year and month of birth; Norway: by year of birth), sex, country, and geographical region within country. In Switzerland, a two-stage random sampling procedure was applied in the absence of a national population registry. A community was randomly determined within the same language region as each patient, next the control subject was randomly selected from the corresponding communal population registry. The reference date for control subjects was same as the date of diagnosis of the matched case patient.
Data collection
Children were accompanied by at least one parent (preferably the mother) and were interviewed face-to-face by trained interviewers using a computer-assisted personal interview (CAPI) questionnaire (Denmark and Norway) or a paper version of the questionnaire (Switzerland and Sweden). In exceptional circumstances, telephone interviews were conducted with difficult-toreach participants (4 control subjects) or an adapted paper version of the questionnaire was sent (19 control subjects). Interviews with case patients and matched control subjects were mainly performed by the same interviewer. Interviewers from all centres received training at a joint workshop to ensure uniform data collection. Questionnaire translations were checked through back-translation to the master version (English), and the questionnaires were pilot-tested in all participating countries.
All case patients were interviewed within 5 years of diagnosis (63% within 2 years). The accompanying parent responded to questions related to pregnancy and early life exposures.
7
Exposure information
Interview questions were aimed at collecting both infant as well as parental characteristics. 
Statistical analysis
Agreement between interview data and data from the birth registries was calculated by Cohen's Kappa. 23 Weighted Kappa was used for variables with more than two categories. We considered 8 agreement to be moderate if the Kappa value was 0.4-0.6, substantial for 0.6-0.8, and almost perfect >0.8.
Odds ratios (ORs) and 95%-confidence intervals (95%-CIs) to estimate the strength and precision of association between the possible risk factors and brain tumour risk were based on conditional logistic regression models matched on age, sex, and geographical region. We additionally adjusted for maternal age and parental education. To gap fill missing confounder information: we applied the most common category for parental education (n=3); and for maternal age (n=11) we imputed missing values based on age of the child, paternal age, country and region. All statistical tests were two-sided. For categorical variables, test for trends were calculated by assigning ordered exposure levels (e.g., 1, 2, 3). We assessed the risk for all histologic types of brain tumours combined, and specifically for astrocytoma, where numbers were large enough to allow a subgroup analysis.
The software Stata/SE version 13.0 (StataCorp, Texas, USA) was used for all analyses.
RESULTS
In total, 423 patients and 909 potential controls were identified during the CEFALO study period.
Interviews were completed with 352 (83.2%) eligible cases and 646 (71.1%) eligible controls (Table 1 ). Among the 352 case patients of CNS cancer, astrocytoma was the most common type with 162 (46.0%) cases (Table 1 ). There were 21 (6.0%) cases diagnosed with ependymoma, 30 (8.5%) with another glioma, 62 (17.6%) with primitive neuroectodermal tumours, 53 (15.1%) with other specified intracranial neoplasms and 24 (6.8%) with unspecified intracranial neoplasms. 9 The agreement between data reported in the interview and data collected from the birth registries ranged from moderate (Kappa=0.54 for worked and hours worked during pregnancy) to almost perfect (Caesarean section, birth weight and whether or not the child was a singleton; Table 2 ).
Although some Kappa coefficients were marginally higher in cases, there was no evidence of a systematic difference between cases and controls.
Results for the association between reported anthropometric factors, birth characteristics and exposures during pregnancy and the risk of all brain tumours among children and adolescents are shown in Table 3 ; Table S1 (online supplement) shows results for the analysis restricted to astrocytoma cases. We found no evidence for an increased risk of brain tumours for any of the anthropometric factors. Children with a brain tumour were not more likely to have had a birth weight ≥4000g compared to controls. Birth characteristics, such as intervention during birth or prematurity, did not alter the risk of being diagnosed with a brain tumour. Odds ratios seemed to fluctuate around unity and no clear tendency was seen for any of the considered birth characteristics.
Maternal vitamin intake during pregnancy was indicative, though not statistically significant, of a protective effect for childhood brain tumours (adjusted OR 0.75, 95%-CI: 0.56˗1.01; Table 3 ). No association, however, was observed in the subset of mothers who indicated that their vitamin supplements contained folic acid (Table 1) , or in patients with astrocytoma (Table S1 ). All other considered exposures, such as work during pregnancy and maternal diabetes (i.e. existing maternal diabetes or maternal gestational diabetes), indicated no increased risk. Analyses restricted to astrocytoma (Table S1 ) gave broadly similar results compared to the full sample. Table 4 reports the associations based on data collected in the birth registries, and compares the estimates with interview based exposure data for the same study sample (without Switzerland).
We found no evidence for an increased risk of brain tumours for any of the measures evaluated in the birth registries. Risk estimates were similar for birth registry and interview data for all variables except smoking where risk estimates slightly above unity were observed for interview data vs. close to unity for the registry data. The 95%-confidence intervals, however, were overlapping to a large extent. Regarding risk of astrocytoma, we saw evidence of a protective effect of working during pregnancy (adjusted OR 0.14, 95%-CI: 0.02˗0.97) and specifically for part-time work during pregnancy (adjusted OR 0.09, 95%-CI: 0.01˗0.97), though only in a small sample with interview data (Table S2 ).
DISCUSSION
The relationship between pre-and postnatal characteristics and exposures and the risk of childhood brain tumours has been investigated in many studies, often with inconclusive results.
12,
24-29 A birth weight ≥4000g has been repeatedly associated with an increased risk for childhood brain tumours and other cancers. 28, 30 In a meta-analysis by Harder, et al. 31 including 1.7 mil children and ~4000 cases, the odds ratios for the relationship between high birth weight and childhood brain tumours were 1.38 (95%-CI: 1.07˗1.79) and 1.27 (95%-CI: 1.02˗1.60), respectively for medulloblastoma and astrocytoma. We observed no such association in our study population for astrocytoma risk and birth weight from interview or registry data (Table S1 and S2). Our sample of children with a birth weight ≥4000g, however, was relatively small and the statistical power to detect an association was limited. Furthermore, since the primary aim of CEFALO was to address the risk from mobile phone use, 21 our age range of 7-19 years was different to that of most other studies, usually focussed on 0-14 year olds, and the association with prenatal factors may be stronger in the youngest children as shown in Schmidt, et al. 28 In 11 addition, we found no indication that birth length, head circumference or maternal age at birth alters the risk of childhood brain tumours.
We found a tendency that children whose mother reported to have smoked during pregnancy had a higher risk of brain tumours compared to children of non-smoking mothers (Table 3 ). This tendency, however, was not apparent when we looked at the association using registry-recorded smoking status ( 36 Most of these studies were case-control studies that assessed the exposure retrospectively raising the question of recall bias. Recall bias could potentially be in both directions. Case mothers may over-report their smoking during pregnancy because they consider smoking a relevant risk factor to report. Or they may under-report because they do not want to be accused of having done harm to their child. A particular strength of our study is that we used prospectively collected smoking data, from the birth registry, which cannot suffer from recall bias. We found similar agreement between interview and registry data for cases and controls (Table 2) , although the false positive rate was slightly higher in cases (8%) than in controls (4%) producing a slightly elevated odds ratio of smoking for interview compared to registry data.
The observed indication for a protective effect of maternal vitamin supplements during pregnancy is in line with other investigations, 19, 37 although recall bias is a concern for all these case-control studies using retrospectively collected exposure data (Table 3 ). This may also be of concern in our study, because we had no such data available from the birth registry. Another explanation for the observed effect is confounding. Vitamin intake during pregnancy may indicate a healthier lifestyle in general. We did not observe an association for maternal intake of vitamin supplements 12 that contained folic acid. 38 Non-differential exposure misclassification, however, is a plausible explanation since it can be assumed that the mothers were often not aware that the vitamin supplements they took contained folic acid. So far, the exact constituents among the multivitamins that could confer a protective effect are unknown. 19 Night shift work was proposed as a risk factor for breast and endometrial cancer, 39, 40 and is classified as a probable carcinogen (class 2A) by the International Agency for Research on Cancer's programme on the evaluation of carcinogenic risks to humans. 41 Although we did not have a large enough sample to specifically explore shift work at night, we did not see an increased risk of any brain tumours for offspring of mothers who reported any shift work (day or night) during pregnancy (Table 3) . We saw a possible protective association between working, and specifically part-time work, during pregnancy and astrocytoma (Table S2 ) indicating a potential "healthy worker" effect. 42 This result, however, was not robust. The association was found with interview data but disappeared when exposure was assigned using the birth registry data. Furthermore, no association was found in the full astrocytoma subset after adjustment for confounders (Table S1 ).
Strengths and limitations
In addition to the data obtained through the CEFALO questionnaire, a unique feature of our analysis is that we used birth registry data to explore the association between exposures during pregnancy and risk of childhood brain tumours, notably recorded before the diagnosis of the disease. This was possible in three of the four countries. In the Nordic Countries notification to the medical birth registers is mandatory and, for a large part of our study period, also automated.
All Nordic medical birth registers are considered to be virtually complete. 43 Even if birth registry data is sometimes also self-reported and subject to error and censoring (e.g. smoking status 13 during pregnancy), data are collected prospectively, thus error cannot be related to health status and is expected to be non-differential. Retrospectively collected interview data, on the other hand, may result in an overestimation of the risk if cases overestimate their exposure, or in an underestimation if cases under-report exposures.
Interestingly, we noted often very slightly higher concordance for the cases than controls, which may indicate some differential exposure misclassification is at play. Since this pattern was mostly seen in the very high Kappa range (>0.8), it may also simply indicate that a small proportion of control mothers are perhaps less careful or thorough in answering the questionnaire. Either way, it indicates the potential for differential exposure misclassification, which might produce biased risk estimates.
Using the international population-based CEFALO study and two independent sources of exposure data, we found no consistent associations between a variety of anthropometric factors, birth characteristics and exposures during pregnancy and risk of brain tumours among children and adolescents. Our comparison of the two sources of exposure data, however, indicates some potential for differential exposure misclassification and thus potentially biased risk estimates when relying on interview data alone. It is, therefore, reassuring that analyses of factors for which birth registry data were available were consistent with the analyses using interview data. Notes: a. Weighted kappa was used for ordinal categories: birth weight, birth length, and hours worked during pregnancy. All other variables were binary. b. Birth weight categories based on definition of low (<2500g) and high (≥4000g) birth weight c. Birth length categories defined based on 25th and 75th percentile of birth length for the control subjects d. Binary response to interview question "did you smoke during pregnancy?" vs. Registry question "smoking at first visit to maternity clinic." e. Hours worked during pregnancy (full time, part time, not worked) 20 
